ABSTRACT BACKGROUND: Epidemiological studies have shown a higher risk of cardiovascular mortality associated with early menopause, but the relation between menopausal age and extent of coronary artery disease after menopause is unknown. We assessed the relation between menopausal age and extent of coronary disease in postmenopausal women with an acute coronary syndrome. METHODS: A prospective study was conducted in patients !55 years old undergoing coronary angiography for an acute coronary syndrome. Enrollment was stratified by sex (women/men ratio 2:1) and age (55-64, 65-74, 75-85, and >85 years). Women were administered menopause questionnaires during admission. An independent core lab quantified coronary artery disease extent using the Gensini Score, which classifies both significant (>50%) and nonsignificant lesions. Linear correlation was used to appraise the association between the Gensini score and menopausal age. RESULTS: We enrolled 675 patients, 249 men and 426 women (mean age 74 years). The mean Gensini score was 60 AE 36 in men vs 50 AE 32 in women (P <.001), being higher among men at any age. The median menopausal age of women was 50 years. Risk factors and age at first acute coronary syndrome were identical among women below and above the median menopausal age. The Gensini score in women showed a weak association with age (R ¼ 0.127; P ¼ .0129), but not with menopausal age (R ¼ 0.063; P ¼ .228). At multivariable analysis, ejection fraction, female sex, and ST elevation myocardial infarction were independent predictors of the Gensini score in the overall population. CONCLUSIONS: Menopausal age was not associated with the extent of coronary artery disease. Age at first acute coronary syndrome presentation, risk factors, and prior cardiovascular events were not affected by menopausal age. (The LADIES ACS study: NCT01997307).
Coronary heart disease is the leading cause of death among women, and it has been reported that more women are now dying of coronary disease than men. 1, 2 However, premature deaths prior to the age of 65, and even 75 years, are much more common among men. 2 This mortality advantage among younger women has been attributed to the protective effect of estrogen prior to menopause on the cardiovascular system. 3 Some longitudinal studies have shown an association of early natural menopause with cardiovascular 4 and total 5 mortality, but the possible protective mechanisms of longer exposure to estrogen remains unclear. Whereas some data seem to indicate a direct effect of estrogen on the development of atherosclerosis, 3 others hypothesize a protective effect mediated through a more favorable cardiovascular risk factor profile, 6 particularly lower lipid levels and later development of type 2 diabetes. 7 In fact, the prevalence of coronary disease among women is relatively low prior to menopause, 8 only approaching equal rates for men and women in the seventh decade of life. 9, 10 Also, in terms of clinical manifestations of coronary atherosclerosis, women represent one-third of acute coronary syndrome admissions prior to the seventh decade of age, 11 only reaching the same level as men during the ninth decade. 12 However, prospective studies explicitly aimed at comparing the severity of coronary disease between sexes are lacking. 13 We undertook a prospective study to investigate the relation between menopausal age and extent of coronary artery disease among postmenopausal women stratified along 4 decades of age and compared with men of the same age. All patients had an indication to coronary angiography due to an acute coronary syndrome.
METHODS

Study Design and Patient Population
The LADIES Acute Coronary Syndrome (ACS) study was a multicenter prospective investigation enrolling consecutive patients aged !55 years with an acute coronary syndrome undergoing coronary angiography. Patients were to be stratified according to sex (with a 2:1 ratio of women vs men) and age, comprising 4 age categories: 55-64, 65-74, 75-85, and >85 years.
The study enrolled patients with a clinically defined acute coronary syndrome. The following characteristics were all required for inclusion: 1) symptoms suggestive of acute myocardial ischemia; 2) a typical rise and fall in serum troponin levels 14 ; and 3) electrocardiographic signs of myocardial ischemia. Such characteristics are consistent with the diagnosis of acute myocardial infarction. There were no exclusion criteria other than a patient's inability to recall fertility and menopause history. 
Data Collection
A Web-based case report form (Mediolanum Cardio Research, Milan, Italy) collected data on the characteristics of the acute coronary syndrome (electrocardiographic changes, troponin elevation, Killip class, heart rhythm, any revascularization); the relevant risk factors for coronary disease (hypertension, diabetes mellitus, smoking, dyslipidemia, body mass index, physical activity), prognostically relevant variables (such as serum creatinine, body weight, blood hemoglobin, left ventricular ejection fraction); and prior clinical history (prior myocardial infarction, coronary angioplasty, bypass surgery, heart failure, and stroke).
Menopause Questionnaire
Women's fertility questionnaire included age at first and last menstrual period, past use of oral contraceptives, ongoing and past hormone replacement therapy, and whether or not a hysterectomy or oophorectomy had been performed, as well as information on the number of full-term pregnancies. Age at menarche was defined as the age at the first menstrual period. Reproductive life span is calculated by subtracting the age at menarche from the age at menopause. 7 The presence of hot flushes, their severity, and their duration in years was also noted.
Angiographic Analysis
Extension and complexity of coronary atherosclerosis was addressed by an independent core laboratory blinded to the study group assignment (European Imaging Laboratory, Rome, Italy). The complexity of coronary atherosclerosis at coronary angiography was quantified for each patient using the Gensini score, which includes both angiographically nonsignificant and significant stenoses. 15, 16 As a first step,
CLINICAL SIGNIFICANCE
A higher risk of cardiovascular death has been associated with early menopause, but the possible mechanisms are unknown. Age at first acute coronary syndrome, risk factors, and prior cardiovascular events are not associated with menopausal age. Coronary artery disease severity was significantly lower in women than in men at any age class. Coronary disease severity in women does not show an association with age at menopause.
the narrowing of the lumen of any coronary artery was assigned a grade of 1 for 1%-25% narrowing, 2 for 26%-50%, 4 for 51%-75%, 8 for 76%-90%, 16 for 91%-99%, and 32 for total occlusion. Such score was then multiplied by a factor that takes into account the importance of the lesion's position: 5 for left main coronary artery; 2.5 for the proximal left anterior descending and proximal left circumflex (or 3.5 if the left circumflex artery is dominant); 1.5 for the mid-region of the left anterior descending artery; 1 for the distal left anterior descending artery, the first diagonal, the proximal, mid or distal right coronary artery, the posterior descending, the distal left circumflex artery, the mid left circumflex artery (2 if the vessel is dominant), and the obtuse margin; and 0.5 for the second diagonal and the posterolateral branch. The final Gensini score was expressed as the sum of all the individual coronary artery scores. To aid in the generation of Gensini score, at least 5 different planes of view were obtained for each patient. Diagnostic angiograms were also scored according to the SYNTAX score algorithm, a comprehensive anatomic assessment of the coronary disease derived from various preexisting anatomic classifications.
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Sample-Size Calculation and Statistical Analysis
In the lack of background data, no formal statistical sample size computation was envisioned. Nonetheless, for the sake of study planning, and given that the primary analytical goal of the study was the comparison of Gensini score between women with menopausal age below or above the median menopausal age of the study population, it had been computed that, by assuming an average Gensini score of 16.0 in the overall group of women (with standard deviation of 6.0), by enrolling a total of 530 women (and 265 men), we would be able to show an absolute difference of !2.0 in the mean Gensini score between women with menopausal age below vs above median of the study population, achieving 97% power and 5% 2-tailed alpha, as well as accounting for up to 10% imbalances in group sizes. Such a high power for the primary analysis was decided on in order to allow enough power to investigate for how long any observed difference would last after menopause with age divided into quartiles. However, an interim analysis conducted after including 675 patients showed the lack of any correlation between menopausal age and Gensini score. Thus, it was decided by the steering committee to halt the study for futility at such enrollment milestones. Continuous variables were reported as mean (AEstandard deviation) or median (and interquartile range [IQR]) as appropriate; categorical variables were reported as counts and percentages. Student's t, Mann-Whitney U, and chisquared tests were applied for bivariate analyses when appropriate. The association between the Gensini score and selected variables, including menopausal age, was performed with the Pearson linear correlation test. For multivariable analysis, binary logistic regression was used, using the presence, as dependent variable, of a Gensini score higher (or lower) than the 75 th percentile of the study population, and as independent variables all those variables nominally significant (P <.05) at bivariate analysis, yielding adjusted odd ratios with 95% confidence intervals (CI). The Hosmer-Lemeshow goodness-of-fit test was used to assess calibration. A 2-tailed P-value <.05 was established as the level of statistical significance for all tests. All statistical analyses were carried out using SPSS 22 (IBM, Armonk, NY).
RESULTS
Patient Characteristics
Ten centers participated in the study; 6 centers contributed 94% of the study population. The final study population consists of 675 patients: 249 men and 426 women. Patient distribution according to age and sex strata is shown in Figure 1 . Patients' demographic, clinical, and angiographic characteristics are shown in Table 1 . Women had significantly lower values of serum creatinine and blood hemoglobin, more hypercholesterolemia, and were much less frequently smokers. However, prior cardiac history was fairly balanced between sexes, with similar values with regard to the prevalence of prior myocardial infarction and revascularizations. The distribution of ST-elevation myocardial infarction (STEMI) vs non-STelevation myocardial infarction (NSTEMI) and Killip class were virtually identical for both sexes.
Age at Menopause and Cardiac History
The median age at menopause was 50 (IQR 47-53) years. The distribution of risk factors and clinical characteristics among women below and above the median menopausal age is shown in Table 2 , with virtually identical features of the 2 populations. Median age from menopause to acute coronary syndrome was 27 (IQR 19-37) years for women with menopausal age below median and 19 (IQR 12-27) years for those above median (P <.001). Menopause had been physiological for 88% of the patients, with median menopausal age of 51 (IQR 47-53) years, and surgical for 12%, with menopausal age of 45 (IQR 40-48) years. Hormone replacement therapy had been taken by 17.7% of women with menopausal age below median and 9% of those above median (P ¼ .016). The frequency of prior myocardial infarction was identical (15%) among women with menopausal age below or above median. In patients with no history of myocardial infarction, the mean age at acute coronary syndrome was 73.3 AE 10.1 years among women below median menopausal age, and 73.2 AE 9.7 years among those above the median (P ¼ .936).
Age at Menopause and Gensini Score
The mean Gensini score was 58.8 AE 31.1 in patients with STEMI and 47.6 AE 35.3 in patients with NSTEMI (P <.001).
As shown in Table 1 , the mean Gensini score was significantly higher among men than among women, and this difference was consistent across all age strata (Figure 2) . The Gensini score showed a statistically significant correlation with age among both men and women, although with a weak correlation value (Figure 3) . Overall, only 5% of the Gensini score variability (R 2 value) was explained by age in men and <2% in women. The mean Gensini score was similar in women with menopausal age below vs above 50 years (50.0 AE 30.4 vs 49.6 AE 33.5; P ¼ NS), and between women with natural or surgical menopause. The relation between menopausal age and the Gensini score is shown in Figure 4 : this relation is statistically nonsignificant with R ¼ 0.063 (95% CI, À0.04-0.16); R 2 of 0.004; P ¼ .228. The relation was similar among women with natural menopause and those with surgical menopause. Similar results have been observed with regard to the correlation between fertility life span (age at menopause minus age at menarche) and the Gensini score with R ¼ 0.069 (95% CI, À0.03-0.17); R 2 ¼ 0.005; P ¼ .182. Equally nonsignificant (R ¼ 0.088; P ¼ .0883) was the relationship between the Gensini score and number of menopausal years and at index acute coronary syndrome. The independent predictors of the Gensini score are shown in Table 3 : female sex was independently associated with a lower Gensini score in the overall study population, whereas STEMI, ejection fraction. and Killip class at presentation were the independent predictors among women.
DISCUSSION
Specific research on coronary disease in women after menopause is doubtlessly necessary, 13, 18 because cardiovascular events are the number one killer among postmenopausal women. A small number of cohort studies have shown the association of early menopause with an increased risk of cardiovascular events and mortality. 4, 19, 20 However, the mechanisms of this possible association have only been hypothesized. 13 Although the effects of age and sex on atherosclerosis may be investigated using retrospective databases of coronary imaging, 21 the impact of menopausal age on subsequent atherosclerosis requires investigation through specific studies. The LADIES ACS study puts a first piece in the puzzle. The data confirm that, at any age after menopause, women have less obstructive coronary disease than men, as also shown by other studies that were, however, unbalanced with regard to age. 22, 23 Whereas the spectrum of cardiovascular risk factors was similar among men and women in our study, the results of logistic regression analysis show that female sex remains an independent predictor of less coronary atherosclerosis for decades after menopause. As shown by pathology studies, coronary artery disease in women is delayed by 10 to 15 years compared with men, 24 an advantage that, in our study, is maintained up to the ninth decade of age.
The main finding of the present study is that, at least among women with an acute coronary syndrome, the overall coronary atherosclerotic burden, as quantified by angiography, does not show any relation with age at menopause. This finding is consistent with those of the ELITE trial showing no impact of estradiol replacement therapy on coronary computed tomography measures of atherosclerosis in postmenopausal women. 25 Complementary findings show that women below and above median menopausal age of the study population shared the same distribution of the cardiovascular risk factors and prior cardiac events. Finally, women with menopausal age below the median of the study population did not have an earlier occurrence of myocardial infarction. The findings of similar coronary atherosclerotic burden and age of acute coronary syndrome occurrence should be considered separately, because the link between Figure 3 Correlation of Gensini score and age in men and women. CI ¼ confidence interval. coronary atherosclerosis and acute coronary syndrome remain, as yet, elusive.
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Coronary angiography has limitations for the study of atherosclerosis because it counts only angiographically evident luminal narrowings. Features of vascular disease more typical of women include positive remodeling, diffuse atherosclerosis, endothelial dysfunction leading to vasoconstriction, and microvascular disease, although it may be a frequent cause of angina in women, is seldom involved in the pathogenesis of myocardial infarction. A recent prospective study 27 compared the mechanisms of myocardial infarction in men and women with STEMI by using intracoronary optical coherence tomography, and showed that the final mechanism leading to coronary thrombosis (mostly plaque rupture) is largely the same between sexes, with the exception of those rare cases of coronary dissection, most typical among women. The frequency of multi-vessel disease was also identical for men and women in that study. 28 The angiographic findings of the present study may have been biased by several factors. Firstly, we have included patients with a clearly defined acute coronary syndrome and an indication to coronary angiography as recommended by current guidelines. This feature of our study limits the application of our findings to this specific population, although it represents the great majority of clinical events, including mortality. Secondly, an exaggerated coronary vasoconstriction, leading to diffuse reduction in vessel diameter and failure to discriminate chronic differences, may have biased our findings, particularly among patients with STEMI. Reduced vessel diameter in the acute phase of STEMI has been found by some investigators, 28 but not in larger studies. 29, 30 Indeed, the overall Gensini score of our study population was much higher than hypothesized in the planning phase, but this fact should instead be attributed to the limited experience in using angiographic scores in an elderly population.
Some inaccuracies in reporting menopausal age may have been an issue in our study, although women unable to recall their menarche and menopause were not enrolled. This was a common issue in most studies investigating the impact of menopause on subsequent outcomes, and investigating menopausal age using questionnaires. 4, 19, 20, 31 More acceptable methods would include either menstrual calendars obtained at the time of waning ovarian function 32 or, even more precisely, by serial hormonal measurements. However, these more accurate methods would imply following a cohort of women from an early age. A study with re-administration of the menopause questionnaire 7.5 years later during follow-up in a sample of 4892 women found only 1 year's variation in the reported menopausal age. 4 These data are confirmed by studies of precision of natural menopause recall.
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CONCLUSIONS
The present study gives a definite answer to the original question of whether menopausal age is associated with the extent of coronary artery disease, and the answer is that it is not. Overall, even for decades after menopause, women have significantly less coronary atherosclerosis than men of comparable age. Onset of menopause at a later age is not associated with less coronary disease in the postmenopausal years, at least as it can be assessed by angiographic methods in women with an acute coronary syndrome. 
